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48a Sunday, February 16, 2014refinement; especially refinement of structure derived from NMR spectroscopy
is accelerated. In this study, we demonstrate that statistical torsion angle poten-
tial (STAP) can drive to refine NMR structures without NOE data. Because
NOE data have an ambiguity and uncertainty, we used flat-bottom potential
instead of NOE data. The materials of flat-bottom potential are distance and
dihedral angle derived from given structures. Instead of the NOE restraints,
they prevent a structural dislocation during the refinement process. A simulated
annealing protocol was used to optimize energy of structures. The protocol was
tested on 134 NMR structures in Protein Data Bank (PDB) that are coexisting in
X-ray structures. Among them, 50 structures of training set used to find the
optimal ‘‘width’’ parameter in the flat-bottom potential functions. Validations
of the ‘‘width’’ for 84 structures, most of 12 quality assessment scores of
refined structure are significantly improved.
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Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) is endowed with dual
functions as a PGD2-synthesizing enzyme and a transporter for lipophilic li-
gands in the central nervous system. The structure of apo-L-PGDS has already
been reported, and substrate docking models and mutational studies has re-
vealed the mechanism of activation of Cys65 and the important residues for
substrate recognition at the barrel retion. However, the information of residues
involved in the substrate recognition has been almost limited to the region
around the catalytic center Cys65. Here, we present the first structure of mouse
L-PGDS/substrate analog (U-46619) complex determined by using NMR.
Structural and dynamic comparison with apo and complex form revealed that
apo-L-PGDS has large open state with overall slow motions and becomes rigid
closed state upon substrate analog binding. This conformational change
induced the interaction of residues, which are located at the entrance region
(H2-helix, CD-loop and EF-loop) with substrate analog. Especially, Phe55
and Pro110 cover the u chain of the substrate via hydrophobic contacts and
fix it in the cavity. Further mutational and kinetic studies demonstrated that
the mutation of these residues causes the decrease of affinity for substrate, indi-
cating that the entrance region of L-PGDS is important for the substrate recog-
nition as well as the catalytic region in the barrel.
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Forkhead box (FOX) proteins are transcription factors that regulate a diverse
range of cellular and developmental processes in eukaryotes. As a result,
mutated or unregulated FOX proteins can cause a range of human genetic dis-
eases [1]. Studying the structure of mutated FOX proteins is essential in uncov-
ering the structural features that prevents their proper functioning. The structure
of one mutant FOX protein is investigated in comparison to the wild-type using
both experimental and computational methods. First-principle MD folding sim-
ulations were performed using Graphical Processing Units (GPU) and replica
exchange MD to provide a prediction of the folded structure of the mutant
and wild-type proteins. The structures were refined using data from NMR,
dynamic light scattering, and circular dichroism experiments.
[1] Trends Genet. 2003, 19, 339-344.
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Calmodulin (CaM) regulates many signal transduction pathways, binding to
both enzymes and intracellular segments of several classes of transmembrane
receptors and channels. CaM binds its targets with dissociation constants
ranging from pM to mM. CaM regulates the inactivation of the neuronal
voltage-gated sodium channel 1.2 (NaV1.2). CaM is considered to be a consti-
tutive subunit: both apo and calcium-saturated C-domain of CaM bind tightly to
the IQ motif located in the carboxyl-terminal tail of the channel. Apo CaM
binds in a semi-open conformation to the IQ motifs of NaV1.2, 1.5, and 1.6.
Calcium-saturated CaM binds to the IQ motif, but also binds to a linker be-
tween transmembrane domains III and IV. The calcium-dependent competitionfor CaM between the DIII-DIV linker and the IQ motif is not well understood.
Particularly perplexing is the high affinity of CaM for the IQ motif under both
apo and calcium-saturating conditions. Does CaM dissociate to bind the III-IV
linker? Could a second CaM bind to the channel? How does CaM change po-
sition on the channel after binding calcium? To address these questions, we
solved the solution (NMR) structure of calcium-saturated CaM C-domain
bound to NaV1.2IQ (2M5E). It reveals that calcium binding triggers a reversal
relative to that of bound apo CaM C-domain (2KXW). Several NaV1.2IQ resi-
dues participate in the interface of both complexes, but their contacts with CaM
are distinct because of differences in the topography of the semi-open and open
hydrophobic clefts. Comparison of 2M5E with several other complexes of
calcium-saturated CaM C-domain bound to target sequences emphasizes
why CaM-binding domains are characterized by so many different sequence
‘‘motifs’’. Favorable energies of association are determined by noncovalent in-
teractions that are made on an atom-by-atom, rather than residue-by-residue,
basis. NIH R01 GM57001
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FtsX is an integral membrane protein involved in the cell division of many spe-
cies of bacteria, includingM. tuberculosis, the bacterial agent that causes tuber-
culosis. In Escherichia coli, it is known that FtsX together with FtsE participate
in the spatial and temporal control of cytokinesis, a process where the bacterial
cell wall is hydrolyzed to finally separate both daughter cells. FtsX from
M. tuberculosis is a 32 kDa membrane protein with 4 transmembrane a-helices.
Due to its importance in cell division ofM. tuberculosis, this makes it an inter-
esting target for structural characterization and drug development.
In this work, the initial steps of FtsX structural characterization are presented.
Expression of recombinant His-tagged protein is done in E. coli BL21 pLysS
strain using a standard procedure. FtsX is extracted from cell membranes using
a combination of detergents such as DPC and DDM and then it is purified tak-
ing advantage of nickel affinity chromatography as main procedure. FtsX can
be reconstituted into POPC/POPG liposomes using dialysis or methyl-b-cyclo-
dextrine to remove detergent. Reconstituted FtsX shows a 54% of a-helical
content according to circular dichroism experiments, which indicates a well
folded protein after reconstitution. 15N uniformly labeled FtsX was used to
prepare mechanically align samples using glass slides for solid state NMR
experiments. PISEMA spectra of uniformly labeled spectra for this protein
suggest that the tilt of the helices relative to the bilayer normal is relatively
small. Additional experiments with amino acid specific labeled samples are
being carried out in order to determine the tilt angle and rotation angle for
each a-helix.
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Lipoprotein Signal Peptidase A (LspA) is a type II signal peptidase that is an
essential enzyme in one of the three distinct steps in lipoprotein maturation. Af-
ter targeting the prolipoprotein, LspA cleaves the signal peptide of lipoprotein
to produce the precursor for the mature lipoprotein.
In Mycobacterium tuberculosis (Mtb), gene Rv1539 encodes LspA, an inner
membrane protein of 21 kDa (202 amino acid residues). In vivo and in vitro
experimental evidence confirms that LspA is essential for Mtb and its contribu-
tion for the antibiotic resistance. Small molecules have access to the active site
of this enzyme which is located extracellular to the cytoplasmic membrane. All
type II signal peptidases have five conserved domains but the absence of those
domains in eukaryotic cells makes LspA an appealing drug target for the treat-
ment of tuberculosis. Globomycin, a cyclic-peptide can inhibit LspA in a non-
competitive manner.
The structure of small helical membrane proteins is very sensitive to their envi-
ronment and therefore it is vital to characterize the structure them in a native-
like environment, such as a synthetic lipid bilayer or a bacterial cell membrane.
Solid state NMR spectroscopy is able to make such structural characterizations
in such environments. Here, the challenging, sample preparation steps are
described and initial Magic Angle Spinning solid state NMR spectra are re-
ported from 13C isotopically labeled LspA in native E.coli and synthetic lipid
Sunday, February 16, 2014 49abilayers. In addition, uniformly oriented samples for solid state NMR spectra of
15N isotopically labeled LspA, have been prepared in synthetic lipid bilayers
providing initial structural insights.
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Sarcomeres, the basic units of striated muscle cells, are built of a highly ordered
filament system which includes myosin, actin, and titin. Titin is the largest
known protein with ~34800 amino acids which gives muscles some of its
elastic properties [1]. Titin is also involved in several signaling pathways via
interactions with a number of proteins. Its interaction with MARPs proteins
is very important as these interactions are involved in stretch signal in muscle
[2]. The MARP proteins, specifically MARP2 is present in sarcomere of skel-
etal muscles and binds to N2A region of titin [3]. The N2A region consists of
four Ig domains I-80 to I-83 and intervening/unique sequence ‘IS’ between Ig
domains I-80 and I-81. The structure of N2A region is currently unknown but
critical for stress sensing. MARP2 binds to the N2A-IS region in a relaxed state
and is dissociated when a muscle is overstretched [2]. This binding is also dis-
rupted in case of the murine mdm deletion [4] which deletes part of the I-83 Ig
domain and part of the PEVK region. We are characterizing the N2A-IS region
using a combination of CD, FRET and solution state NMR as well as in silico
methods. The in silico analysis showed that N2A-IS region consists of a-helices
and some of the regions are disorder. These results were also confirmed by CD
experiments, which confirmed the a-helical nature of this region. Ongoing so-
lution state NMR studies on U-15N and U-13C labelled N2A-IS constructs will
provide high-resolution structural information on this region.
1.Warren, CM., et al.; 2003, Electrophoresis 24, 1695-1702.
2.Miller MK, et al.; 2003, J Mol Biol., 333, 951-64.
3.Clark KA, et al.; 2002, Annu Rev Cell Dev Biol 18: 637-706.
4.Huebsch KA, et al.; 2005, Hum Mol Genet. 14, 2801-11.
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The deglycosylation of antibodies has been suggested as a potential treatment
for some autoimmune disorders as this process leads to a diminished immune
response. The reduction in immune response is thought to arise from weakened
binding of the fragment crystallizable (Fc) region of immunoglobulin G (IgG)
antibodies with effector molecules as a result of a conformational change in the
Fc region. The nature of this structural alteration is uncertain due to conflicting
results obtained from x-ray crystallography and small-angle x-ray scattering
studies. To further examine the impact of deglycosylation on the structure of
the Fc region, we have examined both glycosylated and enzymatically degly-
cosylated IgG antibodies using single molecule Fo¨rster Resonance Energy
Transfer (FRET). The FRET efficiency histograms obtained from studying
freely-diffusing, dye-labeled antibodies suggest that the flexibility of the Fc re-
gion increases upon deglycosylation.
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p97/Cdc48p/VCP is a highly conserved, essential member of the class of AAAþ
ATPases present in both archaea and the eukaryotic cytosol. Like many of the
AAAþ proteins, the functional state of p97 is a hexameric ring-shaped structure.
However, the detailed relationship between monomer folding and assembly of
the quaternary structure of p97, as well as other members of this class, has
remained elusive. Here, we present a study of the structural changes of p97
during its folding and assembly, utilizing biophysical techniques including
single-molecule Fo¨rster Resonance Energy Transfer (smFRET). p97 is large
for using standard techniques to dual label with dyes for FRET studies. There-
fore, this work aims to gain a deeper understanding about critical structural
aspects of p97, while exploring advanced labelingmethods that extend the scope
of fluorescence studies to larger and more complex protein systems.270-Pos Board B25
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KCNE1 is a single trans-membrane protein of the KCNE family that
modulates the function of voltage gated potassium channels, including
KCNQ1. Hereditary mutations in KCNE1 have been linked to diseases
such as long QT syndrome (LQTS), atrial fibrillation, sudden death syn-
drome, and deafness. However, the structure of its physiologically relevant
more native membrane bound state is unknown. The transmembrane domain
of KCNE1 plays a key role in mediating the physical association with
KCNQ1, modulating KCNQ1 gating kinetics, and modulating KCNQ1 pore
conductance. This mechanism is still not fully understood. Previous solution
NMR study indicated that KCNE1 possesses a curvilinear transmembrane
domain in LMPG micelles. In this study, we used Double electron electron
resonance spectroscopy coupled with site-directed spin labeling and simu-
lated annealing molecular dynamics to report the structure of the TMD of
KCNE1 in proteoliposomes. High quality DEER data consisting of similar
distances in micelles, proteoliposomes and lipodisq nanoparticles suggest a
curved helical TMD of KCNE1 in proteoliposomes similar to that in
micelles. Additionally, we employed DEER distance restraints obtained at
8 double spin labeling sites in simulated annealing molecular dynamics
and predicted the structure of the TMD of KCNE1 in vesicles which supports
the previous micelle structure. This study will provide useful information
about how TMD functions in channel activation during E1/Q1 interactions
in diseases causing mutations.
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P450cam (CYP101) is an archetype of the cytochrome P450 superfamily of
heme mono-oxygenases. This enzyme hydroxylates camphor to 5-exo-hy-
droxy-camphor following two distinct electron transfers from its unique
[2Fe-2S] redox partner, Pdx (Putidaredoxin). Other ferredoxin-type proteins,
such as adrenodoxin, are only able transfer the first electron and lack the fea-
tures of the complex of P450:Pdx required for the second electron transfer.
This specificity of the protein electron donor suggests that geometry of the
protein-protein complex may play a critical role in the electron transfer pro-
cess. Moreover, we have observed in previous studies that P450cam shifts
from open to closed conformation upon binding camphor, and that oxidized
but not reduced Pdx induces a shift of substrate-bound P450cam from the
closed to the open conformation. The above results lead us to pursue structural
information about the solution complex of P450cam and Pdx in different
redox and coordination states. Several combinations of site-directed spin la-
beling (SDSL) sites were made with single methanethiosulfonate (MTSL)
spin-labels on P450 and Pdx. The inter-spin label distance constraints in the
P450:Pdx complex were measured by Double Electron Electron Resonance
(DEER or PELDOR). While these studies show that the solution complex be-
tween P450cam and Pdx is consistent with that reported in recent crystallo-
graphic studies, the studies also show little difference in the docking
conformation of P450cam(oxidized)-Pdx(oxidized) and P450cam(reduced
CO)-Pdx(reduced). We will also report DEER studies of the conformational
states of P450cam bound to CN- and NO. These results will help clarify the
structural factors responsible for the role of Pdx as a structural effector of
P450cam function.
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The Influenza A virus poses a large public health threat to populations world-
wide. One of the proteins on its viral coat, M2 - a homotetrameric membrane
